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INTRODUCTION
The outstanding contribution of agricultural
research towards improving the livelihoods of
poor farmers in the North West India through the
Green  Revolution  technologies  is  well
documented (Evenson and Gollin, 2003; Frankel,
1971; Hazel and Ramasamy, 1971; Lipton and
Longhurst, 1989; Pinstrup and Hazell, 1985;
Rosegrant and Hazell, 2001). From the 1960s to
the 1980s, cereal production was much improved
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Conventional agriculture is known to cause soil degradation, because it involves intensive tillage.
At the same time, ways need to be found to preserve the natural resource base. Within this
framework, an integrated crop-livestock farming system represents a key solution for enhancing
livestock production and safeguarding the environment through prudent and efficient resource
use. Integrating crop and livestock production has a number of advantages, including
complementarities in terms of resource use and income and risk reduction. Rice-wheat cropping
is experiencing stagnant or declining grain yields, falling water tables and soil degradation (Kumar
et al., 1999). These threats are being addressed by research on resource-conservation
technologies RCTs, within the context of conservation agriculture. To adopt conservation
agriculture practices, farmers face trade-offs between crop and livestock production. It is proposed
to research the crop-livestock interactions in the rice-wheat-livestock systems to quantify the
trade-offs faced by farmers who have adopted or are considering conservation agriculture
practices. The research will assess: (i) the trade-offs affecting crop and livestock production
and Natural Resource Management (NRM); (ii) the impacts of the trade-offs on the livelihoods of
poor households; and (iii) their implications for the design of research and extension programs
in support of improved livelihoods and NRM in the North West India.
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with the planting of high-yielding wheat and rice
varieties combined with the application of fertilizer
in the irrigated fields of the IGP. As a result, India
moved from a state of deficiency in the staple
grains, wheat and rice, to a position of secure
self-sufficiency. Now, in the face of diminishing
groundwater supplies and degrading soils (Kumar
et al., 1999), the challenge is to sustain crop
productivity gains, while supporting the millions
of families in the North West India—most of whom
are resource-poor—to diversify their farming
systems in order to secure and improve their
livelihoods. Central to this challenge of ensuring
improved  livelihoods  and  environmental
sustainability  is  the  ruminant  livestock—
particularly, buffalo, cattle and goats—which are
an integral part of the North West India’s farming
systems. For decades, beneficial interactions
between rice and wheat cropping and ruminant
livestock have underpinned the livelihood systems
of the North West India. Yet, until recently, there
has been little systematic research to assess the
benefits of these interactions, or to evaluate the
potential for improvement. Devendra (2000)
reported a paucity of research that incorporates
livestock interactively with cropping, and a woeful
neglect of social, economic and policy issues.
More recently, broad classifications of crop
livestock systems  in  South Asia  and  their
component technologies have been documented
(Thomas et al., 2002). However, it is clear that a
better understanding of farming systems and of
the livelihood objectives of landed and landless
families, including the way they exploit crop
livestock interactions, will be required if we are to
be successful in improving rural livelihoods and
securing environmental sustainability. Taking a
systems approach and applying a livelihoods
perspective (Ellis, 2000) are particularly important
because of the dynamics and diversity of the North
West India’s social geography, its agriculture and
the complexity of its crop-livestock interactions.
Current understanding of the interactions is only
partial; hence the need to update our knowledge
and to assess the implications for agricultural
research and development (R&D)—particularly
with the advent of, and strong advocacy for,
conservation  agriculture  and  Resource-
Conserving Technologies (RCTs). The RCTs are
having some success in improving resource use
efficiency for crop production (RWC, 2005; Singh,
2005), the results have been focused on and are
very encouraging for improving crop productivity,
emphasized the need to assess RCTs from a
system perspective and more holistically, by
including the livestock component and considering
other livelihood strategies in the evaluation of their
impacts on the resource poor, including, e.g.,
landless livestock keepers (Sangar et al., 2005).
Yet a better understanding of the system and the
livelihood objectives of landed and landless families
are essential for successful alleviation of poverty
and improving rural livelihoods. For three reasons
the need for a systems and livelihoods approach
is particularly critical in the case of crop-livestock
interactions in the North west India.
1. Complexity: Although conceptually simple and
often idealized, disentangling crop-livestock
interactions typically proves more complex in
practice.
2.  Dynamics:  Recent  technological  and
institutional changes in the agricultural systems
in the North West India, e.g., mechanization,
had varying direct and indirect implications for
the crop and livestock enterprises and their
integration and/or separation; and
3. Diversity:  The significant diversity of the
agricultural systems in the vast North West76
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India’s means that the type and extent of crop-
livestock interactions are considerable and that
their influences on technological  change
cannot be ignored nor generalized.
It is evident that the interactions between crops
and livestock in the North West India is complex,
dynamic and diverse – and our knowledge only partial;
hence, the urgent need to update our knowledge
base and to assess the implications for agricultural
R&D – particularly with the advent of, and strong
advocacy for, conservation farming and RCTs.
RESULTS AND  DISCUSSION
An integrated farming system consists of a range
of resource-saving practices that aim to achieve
acceptable profits and high sustained production
levels, while minimizing the negative effects of
intensive  farming  and  preserving  the
environment. Based on the principle of enhancing
natural biological processes above and below the
ground, the integrated system represents a
winning combination that (a) reduces erosion; (b)
increases crop yields, soil biological activity and
nutrient  recycling; (c)  intensifies land  use,
improving profits; and (d) can therefore help
reduce poverty and malnutrition and strengthen
environmental sustainability.
Diversified Versus Integrated Systems
Diversified systems consist of components such
as crops and livestock that coexist independently
from each other. In this case, integrating crops
and livestock serves primarily to minimize risk
and not to recycle resources. In an integrated
system, crops and livestock interact to create a
synergy, with recycling allowing the maximum use
of available resources. Crop residues can be
used for animal feed, while livestock and livestock
by-product production  and processing  can
enhance agricultural productivity by intensifying
nutrients that improve soil fertility, reducing the
use of chemical fertilizers. A high integration of
crops and livestock is often considered as a step
forward, but small farmers need to have sufficient
access to knowledge, assets and inputs  to
manage this system in a way that is economically
and environmentally sustainable over the long
term (Figure 1).
Figure 1: Integrated Crop-livestock
Farming System – Key Aspects
Crop-livestock interactions provide a key to
ecological sustainability by intensifying nutrient
and  energy  cycles. Crop  residues are  an
important source of forage in smallholder farming
systems. In terms of digestibility as well as crude
protein and phosphorus content, the quality of
crop residues is far superior to that of natural
range at the same time of year. Manuring recycles
nutrients more quickly than natural decay of
vegetation. It transfers nutrients from range to
cropland and concentrates them on selected
areas, thus slowing down soil exhaustion and
allowing more efficient cultivation over longer
periods. In smallholder farming areas, forage is
derived primarily from land which is unsuitable
for cropping “wasteland” and land which  is
temporarily not being cropped. These pieces of
land are often interspersed between cultivated
plots and are grazed by herded or tethered
livestock, or the vegetation is cut for fodder.77
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Promoting  Ecologically  Sustainable
Farming
Farmers should be paid adequate incentives to
promote rural based crop livestock integrated
mixed farming system. This would prevent the
growing shift from mixed farming and motivate
farmers to turn to organic. At the same time, the
intensive system  needs to  be  diverted  to
appropriate areas and the negative environmental
impacts need to be controlled through proper
policies and strict enforcement of regulations to
have an environmentally conscious growth path.
As a long term strategy, proper valuation of
environmental costs  and internalization  of
negative environmental externalities in  the
commodity prices can be planned to promote
sustainable use of natural resources.
Reducing Methane Emission
Methane is a potent greenhouse gas whose full
contribution to climate change has recently been
reassessed as being more than half that of carbon
dioxide. A recent FAO report states that the world’s
livestock sector, which provides the livelihoods
of about 1·3 billion people, is growing faster than
other agricultural subsectors yearly worldwide
meat production is projected to double from 229
million tons in 1999-2001 to 465 million tons in
2050, and milk output to almost double from 580
million tons to 1043 million tons. Most of this
increase is projected to occur in countries with
low or middle incomes (Figure 2). Livestock
currently use almost a third of the world’s entire
land surface, mostly permanent pasture, but also
including the third of the world’s arable land that
provides livestock feed.
Much  of  the  estimated  35%  of  global
greenhouse-gas  emissions  deriving  from
agriculture and land use comes from livestock
production.  Livestock production  including
deforestation for grazing land and soil carbon loss
in grazing lands, the energy used in growing feed-
grains and in processing and transporting grains
and meat, nitrous oxide releases from the use of
nitrogenous fertilizers, and gases from animal
manure  (especially  methane) and  enteric
fermentation accounts for about 18% of global
greenhouse-gas emissions  (Figure 3).  This
estimate consists  of around  9% of  global
emissions of carbon dioxide, plus 35-40% of
methane emissions and 65% of nitrous oxide,
both of which have much greater near-term
warming potential over several ensuing decades
than does carbon dioxide. Similar estimates exist
of  the contributions  of farming,  live-stock
production, and the food chain overall, to national
greenhouse-gas emission. There is a strong case
for taking steps for reducing enteric methane
emission  from  livestock through  technical
interventions such as supplementation, fibre
fortification, fibre pelletization and improving
genetic ability  of  animals  for  higher  feed
conversion/fibre digestion efficiency.
Figure 2: Trends in Consumption of
Livestock Products Per Person (Milk, Eggs,
and Dairy Products, Excluding Butter)78
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Livelihood Security in the NW IGP
In the NW IGP the asset base and returns are
relatively favorable. The livelihoods of landed
households are quite comfortable, particularly
when the farm is reasonably large, in view of the
well-established irrigation systems and developed
market and institutional infrastructure. Particularly,
the rice-wheat system provides an attractive and
stable income to the farm household with minimal
risk. The secure and profitable system thrives
having both limited market risk and production
risk. Dairy buffalo, which use crop by products,
add value to the crop production enterprise and
provide a significant complementary income
source,  adding to the level and stability  of
household income and reduced seasonality and
overall risk. Even smallholders did relatively well
in the  NW  IGP  by integrating  agricultural
intensification  and  dairying  with  off  farm
diversification. The divergent management of the
crop and livestock component is another striking
feature, particularly in the north west (Erenstein et
al., 2007c). Crop production is largely intensified,
with high external input use, high productivity, and
high market integration (Figure 4).
The two key determinants that shape the
contrasting livelihood security in the IGP are the
asset base and the market opportunities that
enable rural households to accumulate a surplus.
In terms of assets, access to land is central to
the security of rural livelihoods across the IGP.
Indeed, poverty is highest and concentrated
amongst the  rural landless,  predominantly
agricultural laborers. The ability to  produce
surplus is closely associated with the farm size
and its annual productivity, the latter largely
determined by secure irrigation. The market
opportunities are closely associated with market
access and market infrastructure. Particularly,
market opportunities for labor-intensive crops,
dairying,  and  off-farm  diversification  can
contribute to a relatively broad-based growth. In
terms  of both  the asset  base and  market
opportunities, the NW IGP tends to be better off
than the Eastern IGP.
Environmental Sustainability
Water management is a key concern throughout
the IGP, albeit varying from over exploitation of
groundwater in some areas (Erenstein et al.,
2007c), to poor unreliable irrigation and the
negative effects on productivity from flooding and
waterlogging in others (Thorpe et al., 2007). With
the continuing spread of private diesel-powered
Figure 3: Proportion of Greenhouse-gas
Emissions from Different Parts
of Livestock Production
Figure 4: Organic Matter Builds up Healthy
Soil Key Determinants of Livelihood Security79
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tube and shallow wells, declining water tables are
likely to become more widespread. Another
significant threat to the current livelihoods is the
mining of soil fertility and organic matter. The
management of organic matter is particularly
problematic, with the largely one-way extractive
flows from the field leading to depletion of the
stocks of soil organic matter throughout the IGP,
particularly in the eastern plains. The prevailing
crop-residue management practices, intensive
use of cereal residues, and limited application of
farmyard manure imply that few organic residues
remain in the field at the time of land preparation
(Figure 5). Soil fertility is further undermined by
unbalanced fertilizer use. In the north west, the
burning of crop residues during land preparation
also contributes to significant pollution of air quality
in both rural and urban areas in the region. More
important, perhaps is the  need to maintain
agricultural productivity in these high potential
areas so as to reduce agricultural pressure on
the fragile natural resources elsewhere.
countries, there is the same growth pattern.
Comparing  growth  trends  in  agricultural
production to those of nutrient application shows
that over the last 25 years growth rates of the
main  crop  groups and  meat production  in
developed countries ranged from 0.2% to 3.4%
per annum, while consumption of N, P2O5 , and
K2O decreased over the same period at 0.8%,
3.0%,  and  2.8%  per annum,  respectively.
However, in developing countries, crop and meat
production and nutrient consumption increased.
Production increased by 1.9% to 6% per annum
fueled by average annual growth rates of 3.8%,
4.1%,  and  5.8%  for  N,  P2O5  ,  and  K2O,
respectively.  These  changes  led  to  an
improvement  in  the N:  P2O5: K2O  ratio  in
developing countries from 6.2:2.6:1 in 1980 to
4.3:2.5:1 in  2002, reflecting  much larger K
application rates. However, there is still a wide
gap between the developing and developed
countries. In developed countries, N consumption
is 2.8 times that of K2O, while in developing
countries, relative N consumption is 4.3 times that
of K2O. The supply of N and K in soils also differs
and depends on soil organic matter, soil texture,
mineralogy, and climate (Figure 6). Outcome of
unbalanced crop nutrition negative K balances in
India, the slow but continuous reduction in the
soil’s K supply in the North West India may lead
to stagnating or reduce yield.
Figure 5: Fertilizer Application Design
for Environmental Conservation
How Common is Unbalanced Fertilization?
Globally the ratio of N:P2O5:K2O consumption in
1980 was  2.5:1.3:1, but  this has  changed
dramatically as nitrogen (N) consumption out
stripped that of P and K, and now the ratio is
3.6:1.4:1. Such growth is maintained by larger
inputs of fertilizers, and indeed, when comparing
nutrient consumption in developed and developing
Figure 6: Making Fertilizer Efficient80
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Use of mineral fertilizers in India almost tripled
from 5.5 million mt in 1980 to currently (2002)
15.1 million mt of N, P2O5, and K2O of which only
~10% are potash fertilizers. At the same time,
production of cereals increased significantly from
140.5 to 233.4 million mt between 1980 and 2004
and that of fruits and vegetables more than doubled
from 56.3 to 127.7 million mt in the same period.
Do current fertilization rates support such large
increases  in  production  and  ensure  the
sustainability of the system? (Yadvinder Singh et
al., 2004) studied the long-term effects of organic
inputs on yield and soil fertility in the typical rice–
wheat crop rotation practiced in the Indo-Gangetic
plains  in  India. After  the  dramatic rise  in
productivity during the 1970s and early 1980s,
yields in this region have either remained stagnant
or declined (Yadvinder-Singh et al., 2004). Yields
of cereals in the Punjab are the largest in India
(3953 kg ha–1; (FAI, 2005) and they receive the
most nutrients (368 kg ha–1), yet with very little K
of only about 10 kg ha–1 (FAI, 2005). The detailed
balance calculation of input/output for K showed
that over a 12-year period the negative K balance
varied  between -932  and -1810 kg K  ha–1,
depending on the treatment and consequent yield
and K input through straw and Farmyard Manure
(FYM), Figure 7.
The addition of K through organic matter
appears to be significant, yet it is not sufficient to
supply and replenish the K removed. The balance
calculation shows that for a zero net balance an
additional ~90 kg K ha–1 year–1 as fertilizer would
have been sufficient for both crops (wheat and
rice). Such a negative balance may lead to a
decrease in exchangeable potassium (Kex) in soil.
Figure 8 shows the long-term effects of applying
no K in the Control + 150 N treatment. There has
been a decrease of approximately 30% in Kex,
as compared to the application of FYM + 150 N,
which showed  only a slight reduction.  The
“Current K fertilizer recommendations for P and
K are inadequate in the long run” and they also
rule out the possibility of decline in soil organic
matter as the reason for negative yield trends.
The adverse changes in climate along with a
decreased soil supply of available K may be the
possible reasons associated with yield decline.
Figure 7: Apparent K Balance During
1988-2000 in a Long-term Rice-wheat
Experiment, Punjab, PAU (Adapted from
Yadvinder Singh et al., 2004)
Figure 8: Long-term Effects of Inorganic
and Organic Inputs on Available K Content
in Soil (Adapted from Yadvinder
Singh et al., 2004)
Nutrient Balances to Economic and Social
Factors
The long-term consequences of a negative K
balance on soil fertility are obvious. In 13 years
(1989-2002), the frequency of “Low” K status
soils doubled and that of “High” K status fell from81
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71% to 27% (Figure 6). Balanced and timely
nutrient application. The following examples
demonstrate various consequences of correcting
unbalanced nutrient management. These are
related to (i) long-term fertilization; (ii) organic
agriculture; (iii) the effect of balanced fertilization
on yields, quality, and pest and disease infestation;
and (iv) the economics of balanced fertilization.
Long-term observations fertilization is a decision
taken by the farmer according to economic
parameters.  When  there  is  no  short-term
economic response to applied K, the farmer tends
to eliminate this factor from his manuring policy.
In  a 3-year experiment in  cotton grown on
vermicultic soil, an increase in cumulative yield
in the order of 13% to 21% was found for applying
120-240 kg K ha–1; however, at 480 kg K ha–1, an
increase of 42% was achieved (Dobberman et
al., 2005) Figure 9.
matter and of available soil K that caused K fixation
and resulting in a 3-year downward trend in yields.
This example illustrates the need to consider the
longer-term effect of repeated K fertilization,
especially with high K rates in heavy soils with
fixation capacity.
Organic Agriculture: Organic agriculture is often
perceived as a clear-cut solution for better crop
production. Can organic farming match today’s
large requirements for balanced and timely
nutrient application? Soil fertility status after 21
years of organic agriculture shows a greater
decline in available K in soil than where fertilizers
have been used. A 21-year long-term experiment
at Switzerland, compares 4 farming systems
differing mainly in the management of fertilization
and plant protection (Mader et al., 2002). Four
basic treatments were compared: 2 organic
systems that used farmyard manure and slurry
corresponding to a certain amount of livestock
per area unit (1) conventional system using the
same amount of farmyard manure as the organic
systems but with the addition of mineral fertilizers
to reach the  plant-specific Swiss  standard
recommendation; and (2) another conventional
system using fertilizer during  the first crop
rotation, then mineral fertilizers exclusively, as in
regular non-livestock farming. The results show
that yields of winter wheat, potatoes, and grass
clover were 20% higher with the non-organic
treatments by an amount corresponding to lower
input costs, including fuel. However, there was a
negative K balance with the organic treatment (-
36 K2O ha–1), compared to a positive balance
with mineral NPK.  There was a negative N
balance with all 4 systems but it was larger with
the organic systems (–173 kg N ha–1) compared
to that (–108 kg N ha–1) with mineral NPK fertilizers
(Figure 10).
Figure 9: Response of Response of
Annual Seed Cotton Yield to Annual K
Applications on a Vertisol (Adapted from
Dobermann et al., 2005)
These data may mislead, because in 1985
there was only a very small increase in yield from
the applied K compared to that of 1987. In addition,
application of 480 kg K ha–1 was the only rate in
which yields were increasing in all 3 years. In
contrast to the large K application, where no K
was applied there was a decrease in organic82
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In contrast, organic dairy farms have reported
positive nutrient balances, mainly due to larger
inputs of nutrients in animal feed (Oborn et al.,
2005). Timely application of nutrients from organic
sources is complicated (Figure 11). Nitrogen
supply is highly dependent on mineralization of
the organic matter, which can be assessed in
terms of total N supply, but for practical reasons
is usually insufficient to meet the requirements
of a crop at the appropriate time (Hazell and
Ramasamy, 1991; Dahlin et al., 2005). They
showed that the expected leaching loss of N from
poultry manure is far greater than that from
ammonium nitrate (Figure 12) and that N uptake
from ammonium nitrate is much higher than that
from red clover manure. In fact, both P and K
efficiency were increased by daily and even more
frequent application of water and nutrients.
CONCLUSION
The maintenance of an integrated crop-livestock
system is  dependent on  the availability  of
adequate nutrients to sustain animals and plants
and to maintain soil fertility. Animal manure alone
cannot meet crop requirements, even if it does
contain the kind of nutrients needed. This is
because of its relatively low nutrient density and
the limited quantity available to small-scale
farmers. Alternative sources for the nutrients need
to be found. Growing fodder legumes and using
them as a supplement to crop residue is the most
practical and cost-effective method for improving
the nutritional value of crop residues. Long-term
negative  K  balances,  mainly  caused  by
insufficient K fertilization and limited use of crop
residues required for increased yields, cause
deterioration of soil fertility that leads to stagnating
and decreased production. Balanced and timely
nutrient application contributes to sustainable
growth of yield and quality; influences plant health
and  reduce  the  environmental  risks.  The
complementarities between crop and livestock
production are often idealized and seen as
building blocks for socioeconomic development
and  environmental  sustainability.  The
Figure 10: Nutrient Balance After
21 Years Comparing Organic and
Mineral Fertilization Treatments
(Adapted from Mäder et al., 2002)
Figure 11: How to Calculate Organic
Fertilizers
Figure 12: Nitrogen in Harvested Crops
and Leaching as Affected by Various N
Sources (Adapted from Dahlin et al., 2005)83
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complementarities thereby reflect assumed,
mutually beneficial interactions and synergies
between crops, livestock and human livelihoods.
A consistent finding across the North West India
is that a few households are specialized in either
crop or livestock production and integrated farm
systems are the rule. The livestock component
is thereby  highly integrated  with the  crop
component, albeit with distinct management for
the two enterprises and two enterprises also have
different resource use patterns which  imply
complementarities  and  potential  resource
savings at the household level by allowing more
efficient resource use.
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